UNCLASSIFIED 


_ AD  NUMBER _ 

AD845032 

LIMITATION  CHANGES 
TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution:  Further  dissemination  only  as 
directed  by  Commanding  General ,  HQ,  USAMC, 
Attn:  AMCPM— IRFO— T ,  Washington,  DC,  APR  1966, 
or  higher  DoD  authority. 


_ AUTHORITY 

AVSCOM  ltr  12  Nov  1973 


THIS  PAGE  IS  UNCLASSIFIED 


-1  'zbV'l 


*'•  *«J  *.  •.  •'.  s  * 


I  :^mm 

- 


:>/wJ 

,  A  -:;  -' 


$Sg»  ®  asSSt.*** ;• 


Ml 


.  ■  ■  ■■•■, 

i\  Wij  ?<jf.:£ 

A.  f.  : 

txM'x 


i  tv^a 


DISCLAIMER 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


•ms/.'.' 


■"  Q  --  '.  . 

’  -  •  /  ' 

'•  ' 


■TiTi  b*£ 

152 

f  V  I’f'I'ra 

■  **wm,  iPr&pwjj 

L  Mi* 

USATECOM  PROJECT  NO.  4-3-0150-17 


USAAVNTA  PROJECT  NO.  64-20 


ENGINEERING  TEST  OF 
UH-1D  HELICOPTER  WITH 
XT67  POWER  PLANT  INSTALLED 


TEST  REPORT 


JOHN  R.  MELTON 
PROJECT  ENGINEER 


WILLIAM  A.  ANDERSON 
PROJECT  PILOT 


APRIL  1966 


U.  S.  ARMY  AVIATION  TEST  ACTIVITY 
EDWARDS  AIR  FORCE  BASE,  CALIFORNIA 


rm  n  rrn  r^i  rr~i  tri  crra  m 


gsa  rra  rm  m  m  rzrj  rr~3  nzr  rsa  bb  e  »eim  r—i  i — \  r—\  r~—i 


KL"..  J  CS 


This  document  may  be  further  distributed  by 
any  holder  only  with  specific  prior  approval 
obtained  through  Commanding  General,  Hq, 
USAMC,  ATTN:  AMCPM-I RFO-T,  Project  Manager, 
Washington,  D.  C. 


TABLE  OF  CONTENTS 


tm 


ABSTRACT . vl 

FOREWORD  .  vi  1  i 

SECTION  1.  GENERAL 

1.1  Objectives _ 1 

1.2  Responsibilities _ 1 

1.3  Description _ 1 

1.4  Background  _ 1 

1.5  Findings  _ 2 

1.6  Conclusions _ 3 

1.7  Recommendations _ 4 

SECTION  2.  DETAILS  OF  TEST 

2.0  Introduction _ 6 

2.1  Performance  of  YUH-lD/48-Foot  Rotor 

Helicopter  with  XT67  Power  Plant 
Installed  _ 7 

2.1.1  Hover _ _ _ __ _ _ _ _ _  ....  7 

2.1.2  Climb _ _  .  ..  .  . . . . . . 9 

2.1.3  Level  Flight  _ — _ _ _ _ _ _ _ _ __10 

2.2  Power  Available  and  Fuel  Flow _ 12 

2.3  Engine  Operating  Characteristics  and 

Power  Management  _ 15 

2.3.1  Static  Droop _ 15 

2.3.2  Static  Load  Sharing _ 16 

2.3.3  Transient  Response _ 17 

2.3.4  Cockpit  Engine  Controls  and  Information 

Display _ 19 

SECTION  3.  APPENDICES 

I  Test  Data _ 21 

II  Description  of  XT67  Power  Plant _ 59 

III  Test  Instrumentation  _ 63 


v 


f- -J  t  i  C-j  r-i  ma rrm  raa  Era  srm  r—n  Fra  ea  ABSTRACT 


This  report  presents  the  result^  of  limited  engineering  tests 
conducted  to  determine  the  performance  characteristics  of  the  XT67 
power  plant  (i.e.  two  T72  engines)  irstalled  in  a  YUH-lD/48-foot  rotor 
helicopter.  Ten  productive  hours  were  flown  between  14  October  1965 
anu  22  October  1965.  The  tests  were  performed  at  the  airframe  contractor's 
fliqht  test  facility  located  at  Greater  Southwest  Airport,  near  Fort  Worth, 
Texas. 

The  U.  S.  Army  Aviation  Test  Board  (USAAVNTBD)  was  assigned  as 
Executive  Test  Agency,  responsible  for  coordinating  the  test  plan 
preparation,  executing  the  limited  serviceability  testing  and  coordinating 
the  test  reporting.  The  U.  S.  Army  Aviation  Test  Activity  (USAAVNTA)  was 
assigned  the  responsibility  for  coordinating  the  planning  and  renorting  of 
the  engineering  tests  with  USAAVNTBD  and  executing  the  engineering  tests. 

The  XT67  power  plant  improved  the  hover  and  climb  performance  of 
the  UH-lD/48-foot  rotor  helicopter  by  sustaining  the  helicopter  main 
transmission  torque  limit  to  higher  altitudes  than  were  possible  with 
the  T53-L-11  engine.  The  XT67  power  plant  improved  the  level  flight 
performance  by  allowing  higher  cruise  speeds  for  essentially  the  same 
range.  Increased  range  could  be  attained  by  shutting  down  one  engine. 

Test  installation  losses  were  high  but  could  be  reduced  significantly 
through  continued  development. 

The  static  droop  characteristics  of  the  XT67  power  plant  were 
acceptable.  Static  load  sharing  was  excellent;  however,  load  sharing 
during  power  transient,  although  adequate,  could  be  improved.  The 
transient  response  of  the  power  plant-dynamic  system  was  slow.  This 
shortcoming  should  be  corrected  prior  to  service  test. 


PHOTO  NO.  1 
XT67  POWER  PLANT 
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1 .  AUTHORITY 

Letter,  AMCPM-IR,  Hq,  U.  S.  Army  Materiel  Command  (USAMC), 

29  July  1963,  subject;  "Evaluation  of  Alternate  Engine  Installation 
In  the  UH-1D  Helicopter,"  with  1st  Indorsement,  AMSTE-BG,  Hq,  U.  S. 
Army  Test  and  Evaluation  Command  (USATECOM),  28  August  1963. 
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Indorsement,  AMSTE-BG,  Hq,  USATECOM,  20  August  1964. 

b.  Engineering  Plan  of  Test  of  the  LTCIK-4  Engine  Installed  in  the 
UH-1D  Helicopter,  USATECOM  Project  Number  4-3-0150-10,  U.  S.  Army 
Aviation  Test  Activity  (USAAVNTA),  September  1964. 

c.  Letter,  STEBG-TPAC,  U.  S.  Army  Aviation  Test  Board  (USAAVNTBD), 
24  September  1964,  subject:  "Change  to  Evaluation  of  Alternate  Engine 
Installation  Plan  of  Test  for  UH-10  Helicopter,  USATECOM  Project 
Number  4-4-0150-10." 

d.  Technical  Manual  TM  55-1520-210-10,  "Operator's  Manual  Army 
Model  UH-1D  Helicopter,"  Department  of  the  Army,  30  September  1964. 

e.  Report  FTC-TDR-64-27,  "Category  II  Performance  Tests  of  the 
YUH-1D  with  a  48-foot  Rotor,"  U.  S.  Air  Force  Flight  Test  Center, 
November  1964  (AD  452710). 

f.  Letter,  STEAV-PO,  USAAVNTA,  3  November  1964,  subject: 
"Evaluation  of  the  Alternate  Engine  Installation  Using  the  T72  Engine 
Installed  in  the  UH-1D,  USATFGOM  Project  Number  4-3-0150-10." 

g.  Letter,  AMCPM-IR-T,  Hq,  USAMC,  28  December  1964,  subject: 
"USATECOM  Plan  of  Test,  Project  Number  4-3-0150-10  Engineering  Plan  of 
Test  of  the  LTCIK-4  Engine  Installed  in  the  UH  /'  Helicopter,"  with 
1st  Indorsement  AMSTE-BG,  Hq,  USATECOM,  13  Jam;  1965. 

h.  Plan  of  Test,  USATECOM  Project  Number  -  50-10,  "Evaluation 

of  Alternate  Engine  Installation 'In  tne  UH- 1 D  He!  USAAVNTBD, 

31  March  1°65. 
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i.  Enqine  Specification  No.  2252-A,  "XT67  Power  Plant  Aircraft 
Twin  Turboshaft  Engine  Continental  Model  217A-2,"  Continental  Aviation 
and  Engineering  Corporation,  15  July  1965. 

j.  Enqine  Specification,  T53-L-11  Shaft  Turbine  Enqine,"  Lycoming 
Division  of  AVCO  Corporation. 

k.  Letter,  8i.JRG:im  -  1346,  Bell  Helicopter  Company,  17  July  1965t 
subject:  Proposed  Instrumentation  for  Test  of  XT67-T-1  Installed  in 
YUH-1D  Helicopter  with  a  48-Foot  Diameter  Main  Rotor. 

l.  Unclassified  Message,  SMOSM-EAA  10-1363,  U.  S.  Army  Aviation 
Materiel  Command,  14  October  1965,  subject:  "Safety  of  Flight  Release 
for  Continental  Power  Plant  Installation  XT67." 

m.  AF  Technical  Report  No.  6273,  "Flight  Test  Engineering  Handbook," 
U.  S.  Air  Force  Flight  Test  Center,  revised  January  1966. 


SECTION  1  -  GENERAL 


1.1  OBJECTIVE 

To  conduct  limited  engineering  tests  to  determine  the  performance 
characteristics  of  the  XT67  power  plant  Installed  In  the  UH-1D  helicopter. 

1.2  RESPONSIBILITIES 

1.2.1  The  USAAVNTBD  was  assigned  as  Executive  Test  Agency  responsible 
for  coordinating  the  test  plan  preparation,  executing  the  limited  service 
testing,  and  coordinating  the  test  reporting. 

1.2.2  The  USAAVNTA  was  assigned  responsibility  for  coordinating  the 
planning  and  reporting  of  the  engineering  portion  of  the  test  with 
USAAVNTBD  and  executing  this  portion  of  the  test. 

1.3  DESCRIPTION  OF  MATERIEL 
See  Section  3,  Appendix  II. 

1.4  BACKGROUND 

1.4.1  The  Army  has  a  continuing  requirement  to  attain  the  optimum 
potential  for  all  equipment  In  the  Inventory.  The  ultimate  usefulness 
of  the  UH-1D  helicopter  could  be  enhanced  by  an  Improvement  in  the 
hovering  and  climbing  capabilities. 

1.4.2  On  2  May  1963,  the  engine  contractor  submitted  to  the  Iroquois 
Project  Manager  a  proposal  to  Install  the  XT67  In  a  UH-10  helicopter 
for  evaluation  as  an  alternate  power  plant.  The  engine  manufacturer’s 
test  data  Indicated  that  the  UH-lD's  hovering  capability,  climb 
performance,  acceleration,  and/or  throttle  response  would  be  Improved 
with  the  alternate  power  package. 

1.4.3  On  29  July  1963,  the  Iroquois  Project  Manager  requested  USATECOM 

to  evaluate  the  XT6 7  cower  plant  Installation.  USATECOM  assigned  the 
program  to  USAAVNTI  on  28  August  1963,  On  8  July  1964,  the  Iroquois 
Project  Manager  ested  that  USAAVNTA  accomplish  all  engineering  tests 

for  this  progr  ..  USATECOM,  on  20  August  1964,  assigned  USAAVNTA  as 
Participating  gency  with  responsibilities  as  described  In  Paragraph  1.2.2. 
The  scope  of  ' he  program  was  enlarged  to  include  limited  performance 
testing  of  the  XT67  power  plant  In  the  UH-1D  helicopter.  An  additional 
requirement  for  testing  at  9500  pounds  gross  weight  was  issued  by 
USATECOM  on  13  January  1965.  A  consolidated  test  plan  Incorporating 

the  required  changes  was  published  by  USAAVNTBD  on  31  March  1965. 
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1.5  FINDINGS 


1.5.1  GENERA. 

The  XT.'. 7  offered  many  desirable  characteristics  as  a  power  plant 
for  the  UH-1D  helicopter.  The  airframe  contractor  had  relatively  little 
flight  experience  with  the  installation  prior  to  this  evaluation.  The 
installation  vas  not  optimized  or  developed.  With  very  little  refine¬ 
ment,  the  performance  and  engine  operating  characteristics  as  described 
In  this  report  could  be  significantly  Improved.  The  XT67  installation 
offered  significant  Improvement  In  the  performance  of  the  UH-1D  helicopter, 
particularly  Is  the  areas  of  hovering,  climb  and  level  flight.  Although 
the  s1ngle-eng;ne  height-velocity  characteristics  were  not  quantitatively 
evaluated,  a  s  gnlflcant  safety  factor  over  a  single-engine  helicopter 
was  available. 

1.5.2  HOVER 

Hoverlnc  performance  was  improved  for  all  ambient  conditions; 
however,  the  he t-day  hovering  capability  Improvement  In  the  test 
Installation  w&s  small.  The  hot-day  hover  performance  could  be  greatly 
Improved  through  elimination  of  the  hot-day  power-available  limitation 
based  on  maximum  allowable  power  turbine  Inlet  temperature.  In  addition, 
the  hot-day  shaft  horsepower  (SHP)  available,  and  thus  the  hot-day  hover 
performance,  rould  bo  greatly  Improved  through  elimination  of  the 
compressor  air  bleed  used  to  drive  cooling  blowers  In  the  test 
Installation.  The  magnitude  of  the  effect  of  eliminating  the  bleed 
could  not  be  calculated  because  neither  the  amount  of  bleed  nor  Its 
effect  upon  engine  performance  was  known. 

1.5.3  CLIMB 

An  Improvement  In  climb  performance  was  realized  because  the 
transmission  1 4 ml t  SHP  could  be  maintained  up  to  an  altitude  of  6600 
feet  on  a  standard  day.  Sea-level  rates  of  climb  were  not  Improved, 
but  a  higher  rate  of  climb  was  possible  at  higher  altitudes, 

1.5.4  LEVEL  FLIGHT 

Level  flight  performance  was  Improved,  even  though  range  was 
essentially  unchanged,  because  of  higher  optimum  cruise  speeds. 

Optimum  cruise  speed  was  the  placard  limit  airspeed  In  every  case. 

Range  was  Increased  approximately  30  percent  by  shuttinq  down  one 
engine  and  cruising  on  the  other;  however,  cruise  speed  was  reduced 
15  to  35  knots  calibrated  airspeed  (KCAS).  If  the  second  engine  was 
kept  at  flight-idle  rather  than  shut  down,  the  Improvement  in  range 
was  negligible. 


1.5.5  ENGINE  OPERATING  CHARACTERICTICS  AND  POWER  MANAGEMENT 


The  static  droop  characteristics  of  the  XT67  were  satisfactory 
though  not  optimum.  Static  load  sharing  was  excellent.  No  pilot 
attention  was  required  to  maintain  equal  torque  between  the  twn  engines. 
Transient  response  of  the  power  plant-dynamic  system  was  slow  and 
considered  a  shortcoming;  however,  at  the  time  of  this  evaluation  no 
attempt  had  been  made  to  optimize  this  characteristic. 

1.5.6  COCKPIT  ENGINE  CONTROLS  AND  INFORMATION  DISPLA'* 

The  cockpit  controls  and  instrumentation  were  adequate  for  the 
test  Installation.  Many  improvements  should  be  incorporated  in  this 
area,  however,  prior  to  service  test. 

1.6  CONCLUSIONS . 

1.6.1  The  XT67  power  plan.  oroved  the  hover  performance  of  the 
YUH - 1  D/48- foot  rotor  helicopter  at  all  ambient  conditions  In  which 
maximum  SHP  available  from  the  T53-L-11  enqine  was  not  limited  by  the 
main  transmission.  (Paragraph  2. 1.1. 4) 

1.6.2  The  XT67  power  plant  imoroved  the  climb  performance  of  the 
YUH- 1  D/48- foot  rotor  helicopter  by  sustaining  the  helicopter  main 
transmission  torque  limit  to  S600  feet.  The  corresponding  Increase 

In  power  available  resulted  In  higher  rates  of  climb  at  higher  altitudes. 
(Paragraph  2.1 .2.4) 

1.6.3  The  maximum  single-engine  rate  of  climb  (sea-level  standard  day) 
attained  with  a  climb  start  gross  weight  of  7000  pounds  was  820  feet 
per  minute.  Service  ceiling  at  these  conditions  was  15,000  feet. 
(Paragraph  2. 1.2. 4. 2) 

1.6.4  The  XT67  power  plant  Improved  the  level  flight  performance  of 
the  YUH-lD/48-foot  rotor  helicopter  by  allowing  higher  cruise  speeds 
for  essentially  the  same  range.  (Paragraph  2. 1.3. 4) 

1.6.5  By  operating  the  XT6 7  power  plant  on  a  single  engine  with  the 
second  engine  shut  down,  range  was  increased  approximately  30  percent 
at  those  conditions  in  which  level  flight  at  single-engine  normal 
rated  power  was  possible.  (Paragraph  2.1. 3. 4. 3) 

1.G.6  The  power  losses  caused  by  the  test  installation  were  high  and 
particularly  detrimental  to  hot-day  performance.  (Paragraph  2.2.4) 

1.6.7  The  high  test  Installation  power  losses  could  be  reduced 
significantly  through  continued  development.  (Paragraph  2.2.4) 
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1.6.8  Static  droop  characteristics  of  the  XT67  power  plant  were 
acceptable,  although  droop  cam  compensation  was  not  optimum.  (Paragraph 

P.3.1.4) 

1.6.9  Static  load  sharing  was  excellent.  (Paragraph  2.3.2. 4) 

1.6.10  Transient  response  of  the  power  plant-dynamic  system  was  slow. 
(Paragraph  2. 3. 3. 4) 

1.6.11  Load  sharing  during  power  transients  was  adequate  but  could  be 
Improved.  (Paragraph  2. 3. 3. 4.3) 

1.6.12  The  engine  cockpit  controls  and  information  display  were  adenuate 
for  the  test  Installation.  Changes  should  be  Incorporated,  however, 
prior  to  service  test.  (Paragraph  2. 3. 4. 4) 

1.6.13  Engine  failure  and  fuel  control  malfunction  could  be  readily 
detected,  Identified,  and  compensated  for;  however,  a  modified  engine 
torquemater  Indicator  and  collective  pitch  position  indicator  would 
simplify  detection,  Identification  and  compensation.  (Paragraphs  2. 3. 4. 4. 4 
and  2. 3. 4. 4. 5) 

1.7  RECOMMENDATIONS . 

1.7.1  Effort  should  be  initiated  by  the  contractors  to  correct  the 
following  shortcoming: 

Inadequate  transient  response  of  the  power  plant-dynamic  system. 
(Paragraph  2. 3. 3. 4) 

1.7.2  Developmental  effort  should  be  continued  by  the  contractors  to 
correct  or  Improve  the  following  items: 

a.  Reduce  the  Installation  power  losses,  particularly  those 
affecting  hot-day  SHP  available.  (Paragraph  2.2.4) 

b.  Optimize  the  static  droop  characteristics  of  the  power  plant 
for  Increased  compensation  at  high  collective  settings,  (Paragraph 

2. 3.1. 4. 3) 

c.  Improve  the  load  sharing  during  power  transients.  (Paragraph 

2. 3. 3. 4. 3) 

d.  Provide  better  Identification  of  the  two  modes  of  operation  of 
the  starter  button.  (Paragraph  2. 3. 4. 4.1) 


e.  Provide  the  Individual  twist-grips  with  individually 
adjustable  friction.  (Paragraph  2. 3. 4. 4. 2) 

f.  Provide  the  twist-grips  with  a  "dead  band"  at  the  full-open 
position  to  prevent  the  fuel  control  levers  from  "backing  off." 

Paragraph  2. 3. 4. 4. 2) 

g.  Make  both  twist-grips  the  same  size  and  provide  a  distinctive 
texture  for  each  to  facilitate  identification  by  feel.  (Paragraph  2. 3. 4. 4. 2) 

h.  Reduce  the  distance  between  the  twist-grips  and  the  flight- 
idle  release  buttons  to  reduce  hand  motion.  (Paragraph  2. 3. 4. 4, 2) 

1.  Indicate,  on  the  large  and  small  needles  of  the  dual  tachometer, 
rotor  speed  and  power  plant  output  shaft  speed  respectively. 

j.  Provide  a  three-needle  torque  Indicator,  displaying  left- 
engine  torque,  right-engine  torque  and  total  torque.  (Paragraph  2. 3. 4. 4. 4) 


SECTION  2  -  DETAILS  OF  TEST 


2.0  INTRODUCTION 


2.0.1  Except  in  climbing  flight,  no  attempt  was  made  during  this 
evaluation  to  measure  directly  helicopter  performance  because  the  power 
required  In  most  flight  regimes  for  the  YUH-lD/48-foot  rotor  helicopter 
was  well  defined  In  Reference  e,  Foreword.  The  significant  parameters 
measured  were  the  power  available  and  fuel-flow  characteristics  of  the 
XT67.  Based  on  the  results  of  these  measurements,  the  performance  of 
the  YUH-lD/48-foot  rotor  helicopter  with  the  XT67  installed  could  be 
calculated  using  the  data  container  in  Reference  e. 

2.0.2  Climb  performance  was  Increased  due  to  the  increased  power 
avaliabli  and  this  performance  characterise  c  was  measured  directly. 

2.0.3  Due  to  the  scope  of  this  evaluation,  several  limitations  were 
Imposed  and  several  assumptions  were  made.  First,  no  attempt  was  made 
to  gather  Information  on  the  effect  of  engine  output  speed  (rotor  speed) 
upon  engine  performance.  All  data  presented  In  this  report  was  valid 
for  a  rotor  speed  of  324  rpm.  Second,  there  was  insufficient  information 
available  to  determine  the  amount  of  compressor  bleed  air  used  in  the 
test  Installation  to  drive  cooling  blowers.  Additionally,  the  effect 
of  compressor  bleed  on  engine  performance  was  not  well  established. 
Because  of  the  ambiguity  of  the  effect  of  bleed  upon  engine  performance, 
no  attempt  was  made  to  standardize  the  observed  data  to  a  zero-bleed 
condition.  Third,  the  data  presentea  in  this  report  was  based  on  the 
assumption  that  both  engines  of  the  XT67  power  plant  had  specification 
torquemeters.  Prior  to  this  evaluation,  the  XT67  power  plant  was 
calibrated  In  a  test  cell.  It,  however,  was  not  run  in  a  single-engine 
configuration  sufficiently  to  define  the  individual  engine  torquemeter 
pressure  as  a  function  of  engine  output  torque.  There  was  no  dependable 
method  of  obtaining  this  information  in  the  limited  flight  time  available 
Any  deviation  between  the  test  engine  torquemeters  and  the  torquemeter 
characteristics  in  Engine  Specification  2252-A  (Reference  i)  affected 
the  accuracy  of  the  performance  data  contained  in  this  report.  Engine 
Specification  No.  2252-A,  Paragraph  3.23,  states:  "The  torquemeter 
signals  shall  indicate  the  torque  developed  by  the  engines  within  the 
following  tolerances: 

a.  From  maximum  steady-state  torque  to  normal  rated  output 
torque:  i  3  percent  of  the  value  being  measured. 

b.  From  normal  rated  output  torque  to  one-third  of  normal  rated 
output  torque:  +  3  percent  of  the  value  obtained  at  normal  rated  torque. 
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2.0.4  Engine  handling  characterise cs  and  power  management  were  briefly 
but  quantitatively  evaluated  in  terms  of  static  droop  and  transient 
response  In  both  the  twin-  and  single-engine  modes.  Static  load  sharing 
and  transient  load  sharing  were  briefly  investigated.  Cockpit  engine 
controls  and  engine  Information  display  were  briefly  evaluated.  Time 
did  not  allow  evaluation  of  the  single-engine  height-velocity  charact¬ 
eristics  of  the  helicopter. 

2.1  PERFORMANCE  OF  YUH- 1 0/48- FOOT  ROTOR  HELICOPTER  WITH  XT67  POWER 

raT"I¥ST'AllLTT - - 

2.1.1  The  hovering  and  level-flight  performance  characteristics  presented 
In  this  report  were  calculated  based  upon  the  data  presented  In  Reference 
e  for  power  required  in  hovering  and  level  flight. 

2.1.2  The  climb  performance  presented  in  this  report  was  based  upon 
actual  flight  test  data  obtained  during  climb  performance  tests. 

2.1.3  All  summary  performance  for  the  helicopter  with  the  XT67  power 
plant  installed  was  based  upon  observed  Installed  engine  characteristics 
which  Included  the  Installation  losses  of  the  test  helicopter. 

2.1.4  The  helicopter  performance  with  the  T53-L-1 1  engine  was  calculated 
for  comparison  purposes  based  upon  fuel  flow  and  power  available  obtained 
from  an  airframe  contractor  report.  Fuel  flow  and  shaft  horsepower 
available  from  this  report  were  based  upon:  a.  Engine  Model  Specification 
T53-L-11  (Reference  j);  b.  Compressor  inlet  total  pressure  loss  »  0; 

c.  Compressor  Inlet  total  temperature  rise  =-2  degrees  Centigrade  (C); 

d.  Percent  air  bleed  -  0.6  percent;  and  e.  Power  extracted  from  gas 
producer  section  »  0. 

2.1.1  HOVER 

2. 1 . 1 . 1  Object! ve 

The  objective  of  the  hover  performance  tests  was  to  define  the 
hover  performance  of  the  UH-lD/48-fnot  rotor  helicopter  with  the  XT67 
power  plant  instal led. 

2.1. 1.2  Method 


The  shaft  horsepower  (SHP)  required  to  hover  at  various  gross 
weights,  pressure  altitudes  and  ambient  temperatures  was  obtained  from 
Reference  e.  The  SHP  available  from  the  XT67  power  plant  was  obtained 
from  Figure  15,  Section  3,  Appendix  I.  Based  upon  these  characteristics, 
the  hover  ceiling  both  In  and  out  of  ground  effect  was  calculated  for 
various  gross  weights  and  ambient  temperatures. 
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2. 1.1. 3  Results 


The  hover  performance  test  results  of  the  YUH-lD/48-foot  rotor 
helicopter  with  the  XT67  power  plant  Installed  are  presented  in  Flqures 
1  and  2,  Appendix  I. 

2 . 1 . 1 . 4  Analysis 

2.1. 1.4.1  All  hover  performance  was  based  upon  military  rated  power  for 
both  the  XT67  power  plant  and  the  T53-L-11  engine. 

2. 1.1. 4. 2  On  a  standard  day,  the  out-of-ground  effect  (OGE)  hover 
performance  of  the  UH-lD/48-foot  rotor  helicopter  was  significantly 
better  with  the  XT67  power  plant  than  with  the  T53-L-11  engine.  With 
the  XT67  power  plant,  the  OGE  standard-day  hover  celling  was  4000  feet 

at  9500  pounds  gross  weight.  With  the  T53-L-11  engine,  the  maximum  qross 
weight  for  OGE  hover  at  sea  level  was  8350  pounds  and, at  4000  feet,  8430 
pounds.  At  8500  pounds  gross  weight,  the  OGE  hover  celling  with  the 
T53-L-11  was  3690  feet;  the  XT67  increased  the  OGE  hover  celling  to 
10,020  feet.  Using  only  the  right  single  engine  of  the  XT67  power  plant, 
the  maximum  gross  weight  for  OGE  hover  at  sea  level  was  6200  pounds. 

2. 1.1. 4. 3  The  hot-day  (35-degroe-C)  OGE  hover  performance  of  the 
YUM-lD/48-foot  rotor  helicopter  was  not  as  greatly  improved  with  the 
installation  of  the  XT67  power  plant  as  was  the  standard-day  performance. 
The  reason  was  that  the  SHP  available  on  a  hot  day  from  the  XT67  power 
plant  was  low  for  reasons  explained  in  Paragraph  2.2.4.  Maximum  gross 
weight  for  OGE  hover  on  a  35-degree-C  day  at  sea  level  was  8360  pounds 
with  the  XT67  power  plant  and  8160  pounds  with  the  T53-L-11  engine.  At 
design  gross  weight,  6600  pounds,  the  OGE  hover  ceiling  was  6470  feet 
pressure  altitude  with  the  XT67  power  plant  and  5900  feet  pressure 
altitude  with  the  T53-L-11  engine. 

2. 1.1. 4. 4  The  2-foot  skid  height  in-ground-effect  (IGE)  hover  ceiling 
Is  presented  In  Figure  2,  Appendix  I.  This  hovering  skid  height  was 
approximately  the  limit  from  which  a  satisfactory  takeoff  could  be 
accomplished  with  this  helicopter  without  contacting  the  ground  or 
exceeding  engine  military  power  limits.  The  2-foot  nover  ceiling  at  9500 
pounds  gross  weight  on  a  standard  day  was  12,400  feet  with  the  XT67 
power  plant  and  5850  feet  with  the  T53-L-11  engine. 

2. 1.1. 4. 5  Using  only  the  right  single  engine  of  the  XT67  power  plant, 
the  maximum  gross  weight  for  a  2-foot  hover  at  sea  level  was  7420  pounds. 
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2. 1.1. 4. 6  On  a  35-degree-C  day  the  2-foot  hover  celling  at  9500  pounds 
gross  weight  was  1080  feet  pressure  altitude  with  the  XT67  power  plant 
and  300  feet  pressure  altitude  with  the  T53-L-11  engine.  Again  there 
was  only  a  small  gain  In  hot-day  hover  performance  due  to  the  low  hot^day 
SHP  available  from  the  XT67  power  plant  for  reasons  explained  In 
Paragraph  2.2.4. 

2.1.2  CLIMB 

2. 1.2.1  Objective 


Tho  objective  of  the  climb  performance  tests  was  to  define  the 
climb  performance  of  the  YUH-lD/48-foot  rotor  helicopter  with  the  XT67 
power  plant  installed. 

2. 1.2.2  Method 

2. 1.2. 2.1  Continuous  climb  performance  tests  were  conducted  from  minimum 
attainable  altitude  to  service  ceiling  at  military  rated  power.  One 
climb  was  made  at  a  climb-start  gross  weight  of  9500  pounds  using  both 
left  and  right  engines.  One  climb  was  made  at  a  climb-start  gross  weight 
of  7000  pounds  using  only  the  left  engine.  One  climb  was  made  at  a  climb- 
start  gross  weight  of  7000  pounds  using  only  the  right  engine. 

2. 1.2. 2. 2  A  rotor  speed  of  324  rpm  was  maintained  during  the  climb  tests. 
SUP  was  maintained  at  either  the  torque  limit  of  the  helicopter 
transmission  or  the  maximum  power  available  at  the  test  conditions  using 
the  military  power  limits. 

2. 1.2. 2. 3  The  climb  performance  data  was  corrected  to  standard-day 
conditions  and  standard  climb  gross  weights  of  9500  pounds  for  the  twin- 
engine  climb  and  7000  pounds  for  the  single-engine  climbs. 

2. 1.2. 3  Results 


The  results  of  the  climb  performance  tests  are  presented  in 
Figures  3.  4  and  5,  Appendix  I. 

2. 1.2. 4  Analysis 


2. 1.2. 4.1  The  climb  performance  of  the  YUH-lD/48-foot  rotor  helicopter 
was  Improved  by  the  Installation  of  the  XT67  power  plant.  The  sea-level 
rate  of  climb  was  not  significantly  changed  due  to  the  fact  that  the 
maximum  power  available  was  limited  to  the  torque  limit  of  the  main 
transmission.  No  flight  test  climb  performance  data  was  available  for 
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the  T53-L-11  engine;  however,  sea-level  rate  of  climb  at  9500  pounds 
gross  weight  was  1560  feet/minute  with  both  the  XT67  power  plant  and 
the  T53-L-9  engine.  The  Increase  in  climb  performance  was  the  result 
of  the  capability  of  the  XT67  to  maintain  the  transmission  limit  power 
to  a  higher  altitude,  with  a  subsequent  Increase  in  power  available  above 
the  altitude  where  the  main  transmission  no  longer  limited  maximum 
power  (6600  feet).  A  higher  service  ceiling  also  resulted  with  the 
XT67  power  plant.  The  time  to  climb  to  10,000  feet,  which  was  9.3 
minutes  with  the  T53-L-9,  was  reduced  19.4  percent  to  7.5  minutes  with 
the  XT67.  Service  ceiling  at  9500  pounds  climb-start  gross  weight  was 
14,630  feet  with  the  XT67  power  plant  and  12,550  feet  with  the  T53-L-9 
enqine. 

2. 1.2. 4. 2  With  a  sea-level  climb-start  gross  weight  of  7000  pounds, 
using  only  the  left  engine  of  the  XT67  power  plant,  the  sea-level  rate 
of  climb  was  660  feet/minute  and  the  service  ceiling  was  12,680  feet. 

At  the  same  conditions  using  only  the  right  single  engine,  the  sea- 
level  rate  of  climb  was  820  feet/minute  and  the  service  celling  was 
15,000  feet,  because  of  the  higher  SHP  available. 

2.1.3  LEVEL  FLIGHT 

2. 1.3.1  Objective 

The  objective  of  the  level-flight  performance  tests  was  to 
define  the  level-flight  performance  of  the  YUH-lD/48-foot  rotor 
helicopter  with  the  XT67  power  plant  installed. 

2. 1.3. 2  Method 


The  SHP  required  to  maintain  level  flight  with  the  YUH-1D/48- 
foot  rotor  helicopter  was  defined  in  Reference  e.  The  curves  of  SHP 
required  versus  true  airspeed  presented  in  Figures  8  through  13, 
Appendix  I  were  obtained  directly  from  Reference  e.  SHP  available  and 
the  fuel  flow  at  any  SHP  for  the  XT67  were  measured  during  this  program 
as  described  In  Paragraph  2.2.  With  this  information  the  level  flight 
performance  of  the  YUH-lD/48-foot  rotor  helicopter  was  calculated  for 
both  single-ongine  and  twin-engine  XT67  operation. 

2. 1.3. 3  Results 


The  results  of  the  level  flight  performance  tests  are  presented 
in  Figures  6  through  14,  Appendix  I. 

2. 1.3. 4  Analysis 

2. 1.3. 4,1  The  ranqe  rformance  of  the  YUH-lD/48-foot  rotor  helicopter 
with  the  XT67  power  p.ant  was  very  similar  to  that  with  the  T53-L-11 
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engine.  A  comparison  In  terms  of  ranqe  factor  is  shown  in  Figure  6, 
Appendix  I.  At  low  values  of  thrust  coefficient  (Cj),  less  than 
.00294,  the  T53-L-11  showed  slightly  higher  range  performance  than  the 
XT67,  At  higher  values  of  Cj,  the  range  performance  of  the  XT67  power 
plant  was  slightly  superior.  The  "crossover"  Cj  of  .00294  corresponded 
to  approximately  8330  pounds  gross  weight  at  sea  level  or  7220  pounds 
gross  weight  at  5000  feet  with  a  rotor  speed  of  324  rpm  on  a  stardard  day. 

2. 1.3. 4. 2  The  airspeed  for  maximum  range  with  the  XT67  power  plant  was 
always  greater  than  or  equal  to  the  airspeed  for  maximum  range  with  the 
T53-L-11.  Recommended  cruise  speed  for  maximum  range  with  the  XT67  was 
the  placard  limit  airspeed  for  all  conditions.  Recommended  cruise  speed 
with  the  T53-L-11  was  the  airspeed  at  .99  maximum  nautical  air  miles  per 
pound  of  fuel  (.99  max  NAMPP).  With  the  T53-L-11,  .99  max  NAMPP  occurred 
at  or  below  placard  limit  airspeed.  In  general,  the  YUH-lD/48-foot  rotor 
helicopter  traveled  approximately  the  same  distance  with  the  XT67  power 
plant  as  with  the  T53-L-11  engine;  It  would  arrive  sooner,  however,  with 
the  XT67  power  plant  Installed. 

2. 1.3. 4. 3  There  was  a  considerable  increase  In  range  to  be  gained  by 
cruising  on  a  single  engine  of  the  XT67  power  plant  with  the  second 
engine  shut  down.  Range  was  increased  approximately  30  percent  In  this 
manner;  however,  the  decrease  in  cruise  speed  necessary  to  gain  this 
Increase  in  range  was  15  to  35  knots  true  airspeed  (KTAS)  depending  upon 
the  combination  of  gross  weight  and  altitude  as  shown  in  Figure  6, 

Section  3,  Appendix  I.  The  airspeed  for  maximum  slngle-enqlne  range  was 
the  airspeed  at  maximum  continuous  power  available  (normal  rated  power 
limit) . 


2. 1.3. 4. 4  If  the  second  engine  of  the  XT67  power  plant  was  operated  at 
flight-idle  instead  of  shut  down  to  maintain  twin-engine  reliability, 
the  range  advantage  was  lost.  The  15-to-35-KTAS  cruise  speed  sacrifice, 
however,  still  resulted.  The  flight-idle  fuel  consumption  of  the  second 
engine  canceled  the  advantage  of  operating  a  single  engine  in  its  high- 
power,  low-specific-fuel-consumption  range. 

2. 1.3. 4. 5  Single-engine  level  flight  was  not  possible  for  all  conditions 
of  gross  weight  and  density  altitude.  The  single-engine  absolute 
celling  of  the  YUH-lD/48-foot  rotor  helicoDter  with  t.he  XT67  prwer  plant 
Is  shown  In  Figure  7,  Appendix  I.  The  curve  of  this  figure,  based  upon 
normal  rated  power  on  a  standard  day  at  a  rotor  speed  of  324  rpm,  shows 
the  maximum  altitude  at  which  the  helicopter  was  capable  of  level  flight 
at  the  airspeed  for  minimum  power  required.  At  8500  pounds  gross  weight, 
level  flight  could  be  maintained  on  one  engine  at  normal  rated  power  at 

a  standard-day  altitude  of  5200  feet. 
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2. 1.3. 4. 6  A  calculated  range  mission  is  presented  in  Figure  14,  Appendix  I. 
This  figure  shows  a  comparison  of  range  performance  of  the  YUH-lD/48-foot 
otor  helicopter  with  the  T53-L-11  engine,  XT67  power  plant,  XT67  right 
single  engine  with  the  second  engine  shut  down,  and  XT67  right  single 
ngine  with  the  second  engine  at  flight-idle.  The  conditions  chosen  for 
the  comparative  range  mission,  listed  In  Figure  14,  Appendix  I,  were 
chosen  as  being  typically  representative,  rather  than  nurposely  favoring 
a  particular  power  plant.  The  results  of  the  comparative  range  mission 
are  summarized  in  table  on  the  following  page. 

2.2  POWER  AVAILABLE  AND  FUEL  FLOW 

2.2.1  OBJECTIVE 

The  objective  of  the  power-available  and  fuel-flow  tests  was  to 
define  through  flight  test  data  the  parameters  required  to  calculate 
maximum  SHP  available  from  the  XT67  power  plant  and  the  fuel  flow  at 
any  conditions  of  SHP  pressure  altitude  and  ambient  temperature. 

2.2.2  METHOD 

During  stabilized  flight  all  pertinent  engine  parameters, 

Including  SHP,  fuel  flow  (Wf) ,  gas  producer  speed  ( N g ) ,  and  power  turbine 
Inlet  temperature  (T-jv)  were  recorded.  By  means  of  standard  engineering 
methods  (Reference  m),  these  readings  were  reduced  to  standard-day,  sea- 
level,  static  conditions,  resulting  in  a  single  curve  expressing  the 
relationship  of  any  two  parameters  for  a  single  engine  on  a  "referred" 
basis.  These  referred  engine  characteristics  for  both  the  left  and  right 
engines  of  the  XT67  power  plant  are  presented  In  Figures  20  through  22 
and  25  through  27,  Appendix  I.  With  these  referred  characteristics,  it 
was  possible  to  calculate  at  any  pressure  altitude,  ambient  temperature, 
and  airspeed,  the  SHP  at  any  N]  or  Tgv.  Then,  by  knowing  the  maximum  N] 
available,  as  defined  in  Figures  19  ana  24,  and  the  maximum  Tjfi  allowable 
as  given  in  Engine  Model  Specification  No.  2252A( Reference  1),  the  SHP 
available  could  be  calculated.  In  a  similar  fashion,  the  Wf  required  for 
any  available  SHP  at  any  pressure  altitude,  ambient  temperature  or 
airspeed  could  be  calculated. 

2.2.3  RESULTS 

The  results  of  the  power-available  and  fuel- flow  tests  are 
presented  in  Figures  15  through  27,  Appendix  I. 

2.2.4  .'.NALYSIS 

2.2.4. 1  Due  to  the  limited  scope  of  this  test,  no  effort  was  made  to 
determine  the  effect  of  engine  output  shaft  speed  (rotor  speed)  upon 
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engine  performance.  All  data  presented  in  this  report,  therefore,  was 
for  an  engine  output  shaft  speed  of  6600  rom  (324  rpm  rotor  speed).  The 
data  for  the  referred  engine  characterls ti cs  was  not  corrected  foe  non¬ 
optimum  power  turbine  speed.  Similarly,  the  effects  of  compressor  air 
bleed  and  power  extracted  from  the  gas  producer  section  were  not  defined 
and  no  b:eed  correction  was  made.  The  data  presented  in  the  referred 
engine  characteristics  curves,  therefore,  reflects  the  performance  of 
the  XT67  power  plant  as  Installed  in  the  test  helicopter  with  all  the 
Installation  losses  Included  with  the  exception  of  compressor  inlet  duct 
losses. 

2. 2. 4. 2  The  maximum  SHP  available  at  military  power  limits  was  limited 
either  by  maximum  allowable  Tjr,  677  degrees  C,  or  by  maximum  N] 
available  ("topping"  N-| )  as  limited  by  the  fuel  control.  As  a  general 
rule,  power  was  limited  by  "topping"  on  a  standard  day  or  cooler  and 
by  maximum  Tjg  on  a  hotter  than  standard  day. 

2. 2. 4. 3  \lthough  the  exact  effect  of  bleed  air  upon  a  single  engine  of 
the  XT67  power  plant  was  not  known  quantitatively,  its  general  effect  was 
to  raise  che  T-|>  for  a  given  SHP.  This  effect  was  greater  at  hiqh 
ambient  temperatures  than  at  low  ambient  temperatures.  This  meant  that, 
with  bleec  air  being  extracted,  not  only  would  the  SHP  available  at  Ty, 
limit  be  lowered,  but  the  ambient  temperature  range  over  which  SHP 
available  was  limited  by  maximum  7t,  would  be  extended  to  lower  ambient 
temperatures  for  any  pressure  altitude.  The  fact  that  maximum  SHP 
available  was  limited  by  maximum  Tt,  at  high  ambient  temperatures  was  of 
particular  significance  with  the  XT67  power  plant.  The  power  plant 
should  be  configured  to  be  limited  by  "topping"  N-j  over  as  large  a  span 
of  ambient  temperatures  as  possible. 

2. 2. 4. 4  With  a  twin-engine  installation,  the  two  engines  are  never 
precisely  matched.  There  is  always  a  relatively  "strong"  and  a 
relatively  "weak"  engine.  Likewise,  the  static  droop  characteristics 
are  not  the  same.  To  overcome  this,  the  XT67  power  plant  employed  a 
torque  matching  device  which  "beeped  up"  the  low  engine,  or  shifted  Its 
static  droop  line  to  the  point  where  the  engine  torquemeter  output 
pressures  would  be  equal  at  any  load  or  rotor  speed. 

2. 2. 4. 5  When  increasing  power  was  demanded  by  increasing  collective 
pitch,  the  engine  supplied  an  equal  torque  to  the  rotor  until  the  "weak" 
engine  reached  Its  maximum  output,  limited  by  either  "topping"  N g  or 
maximum  Ty,.  If  the  "weak"  engine  was  limited  by  "topping"  N y ,  a 
further  increase  in  collective  pitch  resulted  in  the  "weak"  engine's 
continuing  to  put  out  an  essentially  constant  power.  The  "strong" 
engine  then  continued  to  Increase  its  power  output  until  the  limit  of 
the  "strong"  engine  was  reached. 
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2.?. 4. 6  On  the  other  hand,  If  the  "weak"  engine  was  limited  by  maximum 
Tj^,  a  further  Increase  in  load  resulted  in  the  torque  matching  device's 
"beeping"  the  "weak"  engine  into  an  unacceptable  overtemp  condition  *n 
ar  effort  to  match  torque  output. 

2. 2. 4. 7  The  effect  was  that  when  the  "weak"  engine  was  limited  by 
"topping"  N^  the  SHP  available  from  the  XT67  power  plant  was  the  total 
of  the  SHP  available  from  the  left  engine  and  the  SHP  available  from  the 
right  engine.  When  the  "weak"  engine  was  limited  by  maximum  allowable 
Tqv,  the  SHP  available  from  the  XT67  power  plant  was  limited  to  twice 
that  available  from  the  "weak"  engine.  An  example  of  the  conditions  in 
which  the  weak  engine  was  limited  by  maximum  may  be  seen  In  Figures 
15  through  17,  Appendix  I.  At  5C00-foot  pressure  altitude  and  +35-degree 
C  ambient  temperature,  SHP  available  from  the  left  engine  was  393  and  SHP 
available  from  the  right  engine  was  423.  The  combined  SHP  available  from 
the  XT67  power  plant  was  786,  twice  that  available  from  the  "weak"  left 
engine.  The  30  SHP  remaining  In  the  right  engine  was  not  available 
without  either  overtemping  the  left  enqlne  or  switching  into  the  manual 
mode  of  the  fuel  control  on  the  left  engine.  This  took  the  "weak"  engine 
governor  off  line  and  allowed  the  twist-grip  selection  of  maximum  power 
on  that  engine  while  collective  pitch  was  increased  to  absorb  remaining 
power  on  the  right  engine. 

2.3  ENGINE  OPERATING  CHARACTERISTICS  AND  POWER  MANAGEMENT 

2.3.1  STATIC  DROOP 

2 . 3 . 1 . 1  Objective 

The  objective  of  the  static  droop  tests  was  to  define  the  static 
droop  characteristics  of  the  XT67  power  plant  in  both  the  twin-engine  and 
single-engine  configurations. 

2. 3. 1.2  Method 


Rotor  speed  was  established  on  the  ground  prior  to  the  static 
droop  tests  at  324  rpm.  The  power  turbine  speed  select  (beep)  switch 
setting  was  not  changed  for  the  remainder  of  the  test  at  two  airspeeds 
and  the  power  demand  was  Increased  in  increments  by  Increasing  collective 
pitch.  The  resulting  relationship  between  engine  output  torque  and  rotor 
speed  was  recorded. 

2. 3. 1.3  Results 


The  results  of  the  twin-engine  and  single-engine  XT67  static 
droop  tests  are  presented  In  Figures 28  and  29,  Appendix  I. 
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2.3. 1 .4  Analysis 

2. 3. 1.4.1  The  test  installation  had  a  collective  "compensator  cam" 
Installed,  so  the  basic  governor  droop  was  not  evaluated.  The  compensated 
droop  for  both  single-  and  tv/in-engine  operation  was  adequate  but  not 
optimum.  Figure  28,  Appendix  I  shows  that  with  both  engines  operating 
during  a  vertical  takeoff  and  climb  the  rotor  speed  stayed  constant  to 
within  2  rpm  without  been  adjustment.  Sliqht  over-compensation  of  droop 
occurred  in  the  mid  power  range.  This  is  a  desirable  feature  in  vertical 
flight  since  It  helps  maintain  a  high  rotor  speed  as  a  safety  margin  and 
aids  in  presenting  rotor  overspeed  during  power  reduction  during  a  landing. 

2.3. 1.4.2  At  72  knots  calibrated  airspeed  (KCAS),  when  the  collective 
pitch  settings  for  a  constant  power  were  higher  than  at  zero  airspeed, 
compensation  was  less  ideal.  Total  static  droop  from  a  "needles-joined" 
to  maximum  power  was  approximately  5  rpm.  This  value  was  certainly 
acceptable;  however,  hysteresis  of  approximately  2  rpm  made  the  apparent 
static  droop  appear  somewhat  larger. 

2.3.  i. 4. 3  The  single-engine  static  droop  is  shown  in  Figure  29,  Appendix  I. 
As  would  be  expected,  static  droop  of  the  single  engine  was  approximately 
double  that  of  the  twin  engine.  An  Increase  in  compensation  at  higher 
collective  settings  not  only  Improved  the  single-engine  static  droop 
characteristics,  but  also  Improved  the  high-speed  (and  high-altitude) 
twin-engine  static  droop  characteristics.  At  torque  outputs  greater  than 
approximately  350  pounds-foot,  the  static  droop  characteristics  of  the 
left  and  right  engines  were  not  matched.  A  single  compensator  cam  was 
fitted,  so  this  mismatch  was  the  result  of  the  different  fuel  control 
characteristics  of  the  two  engines. 

2.3.2  STATIC  LOAD  SHARING 

2.3.2. 1  Objective 

The  objective  of  the  static  load  sharing  tests  was  to  determine 
the  static  load  sharing  characteristics  of  the  two  engines  of  the  XT67 
power  plant. 

2. 3. 2. 2  Method 


At  minimum  collective  pitch  on  the  ground,  a  stabilized  rotor 
speed  was  selected.  The  power  demand  was  increased  by  increasing 
collective  pitch  in  Increments,  allowing  the  engines  to  stabilize,  then 
recording  the  individual  engine  output  torques. 
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2. 3. 2. 3  Results 


The  results  of  the  static  load  sharing  tests  are  presented  in 
Figure  30,  Appendix  I. 

2 . 3 . 2 . 4  Analysis 

2. 3. 2. 4.1  The  static  load  sharing  of  the  XT67  power  plant  was  better  than 
that  of  any  other  helicopter  twin-engine  installation  tested  to  date. 
Differences  in  torquemeter  readings  were  generally  small  enough  to  be 
unreadable  on  the  standard  Instruments  and  well  within  their  accuracy. 

Only  at  maximum  torque  output,  when  one  engine  was  "copped"  and  could 
deliver  no  more  power,  was  there  any  significant  deviation  from  ideal 
static  load  sharing. 

2. 3. 2.4.2  It  should  be  noted  that  the  torque  matching  device  adjusts 
the  relative  power  of  the  enqines  to  match  the  torquemeter  output 
hydraulic  pressure.  It  does  not  actually  match  torque.  If  the  torque¬ 
meter  of  one  engine  were  to  transmit  a  higher  hydraulic  pressure  for  a 
given  torque  output,  that  engine  would  produce  less  torque  when  the 
torque  matching  device  was  satisfied  that  the  load  was  beinq  equally 
shared  by  the  engines.  The  load  sharing  characteristics  of  the  XT 67 
power  plant  were  only  as  accurate,  reliable,  and  repeatable  as  the 
torquemeters  of  the  Individual  engines.  Without  the  automatic  torque 
matching  device  of  the  XT67  power  plant,  the  load  sharing  characteristics 
of  these  engines  would  probably  have  been  poor.  A  high  degree  of  pilot 
attention  would  have  been  required  to  keep  the  power  output  of  the 
engines  equal . 

2. 3.2.4. 3  The  single-engine  static  droop  characteristics  of  the  test 
installation  were  described  in  Paragraph  2. 3. 1.4.  The  single-engine 
static  droop  characteristics  of  the  left  and  riqht  engines  were  not  well 
matched,  especially  at  high  torque  output. 


2.3.3  TRANSIENT  RESPONSE 

2. 3. 3.1  Objective 

The  objective  of  the  transient  response  tests  was  to  determine 
quantitatively  the  response  of  the  XT67  power  plant-dynamic  system  to 
abrupt  power  changes. 

2. 3. 3. 2  Method 

2. 3. 3. 2.1  The  helicopter  was  loaded  to  normal  mission  gross  weiqht, 
8500  pounds.  At  the  test  altitude,  approximately  1900  feet  pressure 
altitude,  85  percent  military  rated  power  was  selected  at  approximately 
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67  KCAS  and  the  collective  oosition  noted.  The  collective  was  then 
lowered  to  a  stabilized  autorotation  in  which  the  needles  were  i us t 
joined  at  a  rotor  speed  of  approximately  332  rnm.  Collective  pitch  was 
then  increased  at  varyinn  rates  to  the  settinq  previously  noted.  Photo 
panel  records  were  taken  of  the  resulting  transient  response  to  the 
demands . 

2. 3. 3. 2. 2  Sinqle-enqine  transient  resnonse  was  also  brieflv  evaluated, 
first  as  described  above,  then  bv  recording  the  reaction  of  one  engine 
as  it  assumed  the  load  imposed  when  the  second  engine  was  "chooped" 
simulating  a  single-engine  power  failure. 

2. 3. 3. 3  Results 


The  results  of  the  transient  resnonse  tests  are  presented  in 
figures  31  throuqh  36,  Appendix  I. 

2. 3. 3.4  Analysis 

2. 3. 3. 4.1  Oscillograph  recording  of  transient  response  data  was  not 
available,  so  a  detailed  analysis  of  the  XT67  power  plant's  transient 
response,  including  system  lags  and  time  constants,  could  not  be  made. 

The  results  obtained  through  photo  panel  recording  presented  here  are, 
however,  representative  of  the  results  that  could  have  been  obtained 
more  accurately  through  the  use  of  an  oscillograph. 

2. 3. 3.4.2  Twin-engine  transient  response  was  poor  and  considered  a 
shortcoming.  The  minimum  allowable  nower-on  rotor  speed  of  299  rpm  was 
reached  during  torque  demand  rates  of  approximately  211  pounds-foot/ 
second.  With  the  T53-L-11  engine  installed,  this  minimum  transient 
droop  was  not  reached  at  torgue  demand  rates  of  289  pounds-foot/second 
at  approximately  the  same  ambient  conditions.  Maximum  XT67  gas-producer 
accelerations  were  approximately  5  percent/second.  The  engine 
acceleration,  although  slow,  was  very  uniform.  Torgue  changes  were 
uniform  and  easily  anticipated  with  directional  control  to  avoid  helicopter 
yawing.  The  engine  manufacturer  stated  that  acceleration  could  be  easily 
Increased  throuqh  fuel  control  adjustments  and  that  acceleration  was 
purposely  kept  to  a  low  value  in  the  experimental  installation  to  provide 

a  highly  damped  torsionaily  stable  dynamic  system. 

2. 3. 3.4. 3  The  load  sharing  during  transient  power  demands  was  inferior 
to  the  static  load  sharing.  The  torque-matchinq  device  Incorporated  a 
variable  damper  which  was  set  for  very  hioh  damping  to  avoid  any  possible 
engine  instability  or  hunting.  There  was  room  for  considerable  improvement 
in  the  test  installation  in  the  transient  load  sharing  area.  The  difference 
in  torque  between  the  left  and  right  enqines  during  transient  response 
reached  as  high  as  72  pounds-foot,  or  approximately  20  percent. 
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2. 3. 3. 4. 4  The  simulated  single-engine  power  failure  presented  In  Figure 
36,  Appendix  I  shows  the  only  evidence  of  engine  instability  observed 
during  the  evaluation.  Three  oscillations  in  torque  were  observed  while 
the  right  engine  was  accelerating  to  assume  the  load  of  the  "chopped'1 
engine.  Although  the  peak  oscillation  was  approximately  18  percent  of 
the  mean  torque,  this  oscillation  was  not  objectionable  or  even  noted  in 
flight.  It  should  be  noted  that  if  a  single-engine  failure  were  to  occur 
at  a  high  combined  power  plant  output  power  setting  on  a  cold  day  at  low 
pressure  altitude,  the  operating  engine  would  accelerate  and  exceed  its 
limit  torque  if  collective  pitch  were  not  lowered.  For  example,  a  left- 
engine  failure  at  a  combined  power  plant  output  of  800  SHP  at  sea  level 
on  a  -10-degree-C  day  would  result  In  a  right-engine  overtorque  if 
corrective  action  were  not  taken  by  the  pilot. 

2.3.4  COCKPIT  ENGINE  CONTROLS  AND  INFORMATION  DISPLAY 

2 . 3 . 4 . 1  Objective 

The  objective  of  the  cockpit  engine  controls  and  information 
display  evaluation  was  to  present  specific  comments  concerning  this 
aspect  of  the  test  Installation. 

2.3,4.?  Method 

This  evaluation  is  based  upon  the  comments  of  an  experienced 
engineering  test  pilot. 

2. 3.4.3  Results 


The  results  of  this  evaluation  are  presented  and  discussed  in 
Paragraph  2. 3.4.4. 

2.3,4. 4  Analysis 

2. 3. 4. 4.1  The  two- nos i t Ion  starter  button  on  the  cyclic  control  stick 
was  satisfactory,  but  better  identification  of  the  two  modes  of  operation 
seemed  desirable.  During  air  starts,  it  was  easy  to  release  the  button 
fully;  this  took  the  starter  motor  off  the  line  and  resulted  in  a  hot 
start. 

2. 3. 4. 4. 2  The  tandem  twist-grip  arrangement  should  be  improved  by 
incorporating  the  following  changes: 

a.  Provide  the  individual  twist-grips  with  individually 
adjustable  friction, 

b.  Incorporate  a  "dead  band"  at  the  full-open  position  to 
prevent  the  fuel  control  levers  from  "backing  off." 
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c.  Make  both  twist-grips  the  same  size  and  provide  a 
distinctive  texture  for  each  to  facilitate  identification  by  feel. 

d.  Reduce,  if  possible,  the  distance  between  the  twist-grips 
and  the  flight-idle  release  buctons  to  reduce  hand  motion. 

2. 3. 4. 4. 3  The  practice  of  displaying  the  power  turbine  speed  (N?)  on  the 
large  needle  and  rotor  speed  (N^)  on  the  small  needle  of  the  dual  tacho¬ 
meter  is  undesirable.  Rotor  speed  is  the  primary  parameter  and  should  be 
displayed  more  prominently.  The  small  needle  is  difficult  to  read  and 
subject  to  considerable  parallax.  The  pilot  is  not  normally  interested 
in  N2  except  for  monitorlnq  during  needle-split  operation. 

2. 3. 4. 4. 4  A  three-needle  torque  indicator  displaying  left-engine  torque, 
right-engine  torque  and  total  power  plant  torque  is  desirable.  The 

total  torque  indication  is  desirable  because  over  a  large  range  of  altitude 
and  ambient  temperature  conditions  the  power  output  of  the  XT67  power 
plant  is  limited  by  helicopter  main  transmission  torque  limit.  With  a 
separate  indicator  for  each  engine,  the  total  torque  must  be  summed  by  a 
pilot.  Havinq  individual  left-  and  right-engine  output  torque  on  one 
indicator  would  aid  the  pilot  in  identifying  an  engine  failure  or  torque 
matching  device  malfunction. 

2. 3. 4. 4. 5  The  fuel  control  Incorporated  a  manual  mode  by  which  fuel  flow 
to  the  engine  could  be  regulated  directly  by  twist-qrip  rotation.  This 
manual  mode  would  restore  full  power  should  a  fuel  control  malfunction 
restrict  fuel  flow  to  either  engine.  A  fuel  control  failure  resulting 

in  a  reduction  in  fuel  flow  could  be  identified  by  the  decrease  in  rotor 
speed  due  to  single-engine  static  droop  and  the  reduction  of  torque  on 
one  engine.  The  recommended  three-needle  torque  indicator  would  simplify 
identification  of  the  failed  engine.  Were  a  fuel  control  failure  to 
result  in  an  increase  in  fuel  flow  to  either  engine,  this  could  be 
Identified  by  an  Increase  in  rotor  speed  and  an  ,1  crease  in  torque  on  the 
engine  with  the  malfunctioning  system.  Again,  recommended  torque 
indicator  would  simplify  identification  of  the  malfunctioning  engine. 


PHOTO  NO.  3  and  4  -  UH-1D  COCKPIT  DISPLAY  and  THROTTLE  CONTROL  STICK 
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pilot's  se  1  p.. f  i  or  or  4  ;S(:  1  S  '  n  s'  e -ei  q  i  ne  failurn. 

Lach  o'  glne  u  ■■■>>  -<  t  r  plant  was  a  free  turbine  t jrboshaft 
engine ,  w  ”  a  r-  :  •  •  -  ;w  ir-it.l  rating  of  700  5HP.  The 

gas  gene*-  -  v  VV  'c.it“d  aft  of  the  combi ninq 

gearbox,  n  *  j  -  .>  -r  a  e  centri  fuqal  compressor.  The 

compres'i)  -  t  a'-  o  to  offer  considerable  advantage 

ir.  rests!  to  "cr-.-i  ,  .-a  u .  r  „r.h  ax*  comp  lessor  rotor1  had 

only  sc-ve  i  •  .■>  ■  ’-r.i  s  Caoue  of  the  engine  to  damage 

from  so:  ic  .c  .  ,  !  c*.  uo  '  me  engine  contractor  and 

suscentii  •  1  •  ty  to  i.i”  j  ere  si  .  cower  deterioration  in  djst  environment 
should  p  *cve  to  t ?  ■  v 1  a tl  /e  1  4  f.  two- stage  axial  flew  turbine  was 

coupled  Ji  re,.tjy  to  in-  comrmsi  or  section.  The  combustor  section  was 
compact  a. ic  ;f  a  in  s  '  r  .  .  1  other  engines  produced  by  the 

engine  cont-actor.  -1-  age  airflow  entered  the  combi s tor 

through  three  sir  u  \  . -i:  me  :.e  des  i  red  combustion  pattern.  One  of 

these  airnaths  passro  over  toe  combustor  chamber,  providing  combustor 
discharge  cooMno.  ‘be1  >s  m  ipete  '  to  round  a  centrifugal  slinger 
rotating  at  gas  pfodu.c:  sreed.  1  on  newer  turbine  was  a  single-stage  axial 
turbine  counleH,  fhrnugr  -  $h  >  f  concent-"5 f  to  the  ga*  producer  shaft,  to 
the  c omb Inina  r e » rb cx , 


L  ■  ■.  J  , 

of  Ue  .  7  priwi'  r 

enqlre  on-.r  tt 
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JGIN.E  OPERATING  LI  MI 


Tne  fuel  control  was  fv/i:  'c'-cC!.  v'i  ca  1  iv  operated.  It  provided  control 
fi  r  engine -start  4  ue  i  'telen  rip ,  er  l'ne-acce leratl on  scheduling,  qas- 
uroducer-auoeiJ  governin',*  am  we r  -  ..  rh  1  re-sneed  governing.  A  manual  or 
"toen  5 cor- '  v.or.1  ui  a  s  tr  was  a  i*>„  -ovioed.  Three  control  levers  were 
provided  for  each  fuel  control.  Tne  ja s  generator  condition  lever 
determine'  t  ie  Sit  -  !  t  o'  tne  ,.b  generator  governor.  Any  setting  less 
tl  an  fully  open  wo.*  !  u  lower  the  maxi 'sum  fuel  flew,  or  “topping"  of  the 
eigir.e.  This  ’.eve  was  connected  direct!1/  to  the  pilot's  twist- grin.  The 
nowe*"  tjrmr  steed  set  lever  determined  the  power  turbine  speed  about 
w4  1  ch  the  t.'i'.g in.  ,,-j >( ' u  govern  A  two-nos  1 tlon  switch  placed  the  engine 
ui.de  eit.ier  automat i v  or  -.ar.ua'  node,  when  tne  manual  mode  was  selected, 
f  i  e  1  'ow  to  the  engine  was  regulated  directly  by  rotation  of  the  pilot's 
t\  i st- grip. 

A  hy JrO'  mecnani  :a 1  torque  nateninq  device  was  used  to  maintain  equal 
output  tom.ue  for  each  enqiie.  M/draulIc  pressure  from  each  engine 
torquemeter  was  apnlle1  across  a  load  sharing  piston.  Anv  imbalance  in 
torquemeter  pressure  ....  -  1  J  .;a..se  the  lead  sharing  piston  to  slew.  Through 

a  mechanical  linkage  inis  would  cause  engine  with  low  torquemeter  pressure 
to  Increase  torque  output.  The  linkage  was  designed  so  that  the  torque 
output  of  the  high  engine  would  not  be  reduced.  The  torque  output  of  the 
low  engine  was  increased  h'  changing  the  now er  turbine  speed  set  lever 
nos i  1 1  oi. .  when  output  torquemeter  pressure  of  the  low  engine  w*c  increased 
to  the  point  where  H  was  equal  to  that  of  the  other  enmne,  the  pressure 
differential  across  the  load  sharing  niston  would  qo  to  zero  and  the 
piston  would  center  In  a  trimmed  condition.  The  sensitivity  and  response 
of  tie  torque  mateninq  device  could  be  varied  through  changing  hvdraulic 
ori'lce  sizes. 


Du-lnq  preliminary  t li qiu  test  of  the  xTc7  power  plant  in  the  YUH-1D/ 
AH-foot  rotor  he  i  1  cop  ter  f  it  ..as  'ound  that  additional  cooling  of  the 
engine  arm  a/noirnr,-  gearbox  lu;v  leasts  was  required.  Heat  exchangers  and 
blowers  were  i  sca’iie  in  Tne  tesi  neii copter,  for  convenience  in 
installation,  Ju.  coc  1  i <  q  L  lowers  were  powered  by  air  turbine-  motors 
powered  by  high  pressure  engine  compressor  discharge  bleed  air.  The 
airflow  required  to  drive  the  cooling  blowers,  and  tnus  the  compressor  air 
bleed,  was  not  known;  and  the  effect  of  the  airflow  upon  engine  performance 
could  not  be  defined. 

for  the  one- o  -  ‘  power  .u  t  installation  of  the  test  helicopter, 

no  concentre  ted  ef'or  t  ale  t-.-.srd  weight  reduction.  The  gross  weiqht 

of  the  empty  test  hell  copter  was  dJ6  pounds  heavier  than  that  of  a 
production  UH-lD/Ah- foot  rotor  he  1 1  center.  This  increase  in  gross  weight 
included  flight  t* s'  instrumentation.  Tne  nelicopter  manufacturer  estimated 
tnat  on  a  production  basis  the  gross  weight  oi  the  emotv  UH - 1  D/48- foot 
rotor  helicopter  with  the  s' c  power  plant  Installed  would  be  approximately 
160  pounds  greater  tnan  wi  .  the  "T 5 3 - L - 1 1  engine  installed. 
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APPENDIX  III 
TEST  INSTRUMENTATION 

The  Instrumentation  required  to  measure  the  following  parameters 
was  supplied,  calibrated  and  maintained  by  the  airframe  contractor: 

a.  Photo  Panel 

( 1 )  Record  Number 

(2)  Pressure  Altitude 

(3)  Airspeed 

(4)  Ambient  Temperature 

(5)  Collective  Stick  Position 

(6)  Combining  Gearbox  Oil  Pressure 

(7)  Cabin  Pressure 

(8)  Time  of  Day 

(9)  Compressor  Inlet  Pressure  -  Left  and  Right  Engine 

(10)  Engine  Torque  -  Left  and  Right  Engine 

(11)  Engine  Output  Shaft  Speed  -  Left  and  Right  Engine 

(12)  Gas  Producer  Speed  -  Left  and  Right  Engine 

(13)  Total  Fuel  Used  -  Left  and  Right  Engine 

b.  Pilot  Panel 

(1)  Record  Number 

(2)  Pressure  Altitude 

(3)  Airspeed 

(4)  Ambient  Temperature 

(5)  Collective  Stick  Position 
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(6)  Rotor  Speed 


(7)  Compressor  Inlet  Temperature  -  Left  and  Riqht  Engine 

(0)  Engine  Torque  -  Left  and  Right  Engine 

(9)  Gas  Producer  Speed  -  Left  and  Right  Engine 

(10)  Power  Turbine  Inlet  Temperature  -  Left  and  Right  Engine 

(11)  Total  Fuel  Used  -  Left  and  Right  Engine 


PHOTO  NO.  5  -  INSTRUMENTATION  PACKAGE 
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